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OBJECTIVES This prospective study was designed to assess the current clinical course, risk factors,
microbiologic profile and echocardiographic findings of patients with left-sided endocarditis
and perivalvular complications.
BACKGROUND Periannular complications worsen the prognosis of patients with endocarditis. The relation
between these complications and the clinical and microbiologic data has not been clearly
defined.
METHODS In this clinical cohort study, 211 patients with left-sided endocarditis, according to the Duke
criteria, were prospectively recruited. All patients underwent conventional and transesopha-
geal echocardiography. The mean follow-up interval was 151 days.
RESULTS Perivalvular complications were detected in 78 patients (37%). The incidence of periannular
extension of infection in native and prosthetic valves was 29% and 55%, respectively. The
presence of prosthesis (relative risk [RR] 1.88, 95% confidence interval [CI] 1.35 to 2.64) and
previous endocarditis (RR 1.78, 95% CI 1.16 to 2.7) were the only pre-existing heart
conditions associated with perivalvular complications. Aortic infection (RR 1.8, 95% CI 1.23
to 2.66) and the development of atrioventricular (AV) block (RR 2.55, 95% CI 1.91 to 3.41)
were related with the existence of these complications. Coagulase-negative staphylococci were
very common in patients with perivalvular complications (RR 1.77, 95% CI 1.21 to 2.59), and
small vegetations were more frequent in these patients (RR l.45, 95% CI 0.95 to 2.22). An
operation was more frequently performed in patients with perivalvular complications, but
mortality was similar in patients with and without these complications.
CONCLUSIONS Aortic infection, prosthetic endocarditis, new AV block and coagulase-negative staphylococci
were independent risk factors of periannular complications. The period between symptom
onset and diagnosis, the incidence of pericardial effusion and persistent signs of infection were
similar between patients with and without perivalvular complications. Patients with perival-
vular complications did not demonstrate a difference in the presence or size of vegetations or
the frequency of embolism. An operation was more frequently performed in these patients,
but mortality was similar in both groups. (J Am Coll Cardiol 2002;39:1204–11) © 2002 by
the American College of Cardiology Foundation
Periannular extension of infection is one of the most fearful
complications in patients with infective endocarditis. It is
well recognized that this particular condition casts a shadow
over the prognosis of patients with endocarditis (1–9).
Accurate detection and delineation of perivalvular compli-
cations are crucial in overall patient management and
surgical guidance. Clinical variables for the diagnosis of
these complications are inadequate (2). Until relatively
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recently, transthoracic echocardiography (TTE) was the
mainstay of imaging in patients with infective endocarditis.
Now, transesophageal echocardiography (TEE) is the im-
aging method of choice for the assessment of patients at risk
of periannular extension of endocarditis (10).
Although several groups have contributed to our under-
standing of some clinical and echocardiographic findings in
patients with endocarditis and periannular complications,
there are many limitations—the studies were retrospective
(1,2,7,11); they included a small number of patients
(2,6,10–14); TEE was not routinely used (2,6,12–14); and
some series had a selection bias, as they included patients
who had an operation or died (1,2,7,13,14)—and the
relationship between these complications and the clinical
data has not been clearly defined.
The aim of this prospective study was to assess the
current clinical course, predisposing risk factors, microbio-
logic agents and echocardiographic findings of a large group
of patients with left-sided endocarditis and perivalvular com-
plications anatomically proven or demonstrated by TEE.
METHODS
Patient group. The clinical cohort study consisted of 211
patients with left-sided endocarditis who were prospectively
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recruited between April 1996 and June 2000. All patients
with the diagnosis of endocarditis in the five centers were
included in the study. There were 135 men and 76 women,
with a mean age of 57  15 years. According to the Duke
criteria (15), 193 patients (91.5%) had definite and 18
patients (8.5%) had possible infective endocarditis. Sixty-six
patients (31%) had infections of prosthetic valves, and 34
had early and 31 had late prosthetic valve endocarditis.
These patients were clinically followed for 1 to 942 days
(mean follow-up interval 151 days). Since the beginning of
the study, all historic, clinical, laboratory, echocardiographic
and microbiologic data were recorded and entered into a
computer data base. At operation or necropsy, the existence
of periannular complications was specifically sought.
Definition of terms. At necropsy or operation (by direct
inspection), an abscess was defined as a region of necrosis
containing purulent material that had no communication
with the cardiovascular lumen. When a perivalvular cavity
that had communication with the cardiovascular lumen was
found, it was called a “pseudoaneurysm” (Fig. 1) (10,13). A
fistula was defined as an anatomic communication between
two neighboring heart cavities. Adequate antibiotic therapy
was defined as high intravenous doses of antibiotic combi-
nations known to be bactericidal in vitro against the isolated
microorganisms; for patients whose cultures were negative,
empiric antibiotic regimens were chosen. Early prosthetic
valve endocarditis was defined as developing one year or less
after surgery, and late prosthetic valve endocarditis as
occurring over one year after surgery. Persistent infection
was defined as fever lasting for more than seven days after
starting adequate antibiotic treatment, septic shock or pos-
itive blood cultures after 48 h of the initiation of adequate
antibiotic therapy.
Echocardiography. All patients underwent both modali-
ties of echocardiographic imaging (TTE and TEE). The
echocardiographic studies were done with commercially
available instruments (Toshiba [Tokyo, Japan], Advanced
Technology Laboratories [Best, The Netherlands] and
Hewlett-Packard [Palo Alto, California]). The TEE studies
were performed with a 5-MHz transducer. The TEE study
was performed after the standard procedure, and the probes
used were monoplane in 11 patients, biplane in 87 patients
and multiplane in 113 patients. The images were stored on
hard copies, as well as on videotape, for analysis. During
follow-up (mean 14  10 days), TEE was repeated in 118
patients. A valvular vegetation was defined as a localized
mass of shaggy echoes adherent to a valve leaflet or
prosthetic material with a distinctive erratic motion.
M-mode tracings of the masses were performed to better
define the motion of these structures. Nonspecific valvular
thickening was not interpreted as a vegetation. The mor-
phologic characteristics of vegetations were analyzed by
TEE. The vegetative mass was measured in various planes,
and the maximal diameter was used for subsequent analysis;
in cases of multiple vegetations, the largest vegetation was
measured. Once a periannular lesion was visualized, it was
further defined by subtle manipulations of the transducer.
These were aimed at optimizing the size of the cavity,
defining its location in relation to adjacent structures and
determining whether it communicated with other cham-
bers. Blood in the lesion was assessed by color Doppler flow
imaging. The largest diameter and maximal area of
pseudoaneurysms and abscesses were determined by
planimetry. A perivalvular abscess was defined as a circular
or more irregularly delineated region (10 mm) of reduced
echo density, without flow in its interior (Fig. 2) (5,16).
Abbreviations and Acronyms
AV  atrioventricular
CI  confidence interval
RR  relative risk
TEE  transesophageal echocardiography
TTE  transthoracic echocardiography
Figure 1. (A) Anatomic specimen of prosthetic aortic valve endocarditis.
Several perivalvular pseudoaneurysms (*) can be observed. (B) Echocardio-
graphic imaging by transesophageal echocardiography of the same patient
as in A. The perivalvular pseudoaneurysms (*) are well seen. Aortic
vegetations (arrow) can also be visualized. AD  right atrium; AI left
atrium; VD right ventricle.
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When flow was detected into these perivalvular cavities, the
lesion was defined as a pseudoaneurysm, and then it
appeared as a pulsatile echo-free perivalvular pouch (Fig. 3)
(5,16). A fistula was defined as a color Doppler tract
communicating two adjacent cardiac chambers (5). Valvular
regurgitation and its severity were graded by color Doppler
imaging, using semiquantitative standard criteria (17,18).
Statistical analysis. The Student t test or analysis of
variance was used to compare continuous variables (ex-
pressed as the mean value  SD), whereas categorical
variables were compared using the chi-square test. Adjusted
relative risks (RR) and their 95% confidence intervals (CI)
were calculated by using the estimated regression coeffi-
cients and their standard errors in the logistic regression
analysis. The existence of interactions was evaluated. Vari-
ables with a p value  0.15 on univariate analysis were
selected for multivariate analysis. The null hypothesis was
rejected in each statistical test at p 0.05. For data analysis,
the statistical program SPSS, version 10.0 was used (SPSS
Inc., Chicago, Illinois).
RESULTS
Perivalvular complications were detected in 78 patients
(37%, group I). There were 50 abscesses, 34 pseudoaneu-
rysms and 12 fistulae documented by direct macroscopic
inspection, histologic examination or echocardiography in
the patients who had no operation (n  17). In the
remaining 133 patients (group II), none of these lesions
could be demonstrated. The incidence of periannular exten-
sion of infection in native and prosthetic valves was 29% and
55%, respectively.
The clinical characteristics of the study group are sum-
marized in Table 1. The valve distribution frequency and
microbiologic etiologies can be calculated from the inci-
dence of several variables (Table 2). Age, gender and
underlying systemic disorders (e.g., chronic renal failure,
intravenous drug use, immunodeficiency, diabetes, neopla-
sia, chronic obstructive pulmonary disease, chronic anemia)
were not significantly different between the two study
groups. The presence of prosthesis (RR 1.88, 95% CI 1.35
to 2.64) and previous endocarditis (RR 1.78, 95 CI 1.16 to
2.7) were the only two preexisting heart conditions associ-
ated with perivalvular complications. The latency period
between the onset of symptoms and the diagnosis of
endocarditis was similar in both groups (Table 1). Antico-
agulation and embolization during the total course of
endocarditis or after initiation of an adequate antibiotic
treatment were not different between the two groups (Table
1). The development of atrioventricular (AV) block during
the course of endocarditis occurred in 15 patients from
Figure 2. Transesophageal echocardiographic images of prosthetic aortic
valve endocarditis. A huge echodense perivalvular cavity (*) without flow in
its interior (abscess) is well seen. AD  right atrium; AI  left atrium;
AP  pulmonary artery; VD  right ventricle.
Figure 3. Transesophageal echocardiographic image of aortic endocarditis.
A perivalvular cavity (*) with flow in its interior (pseudoaneurysm) can be
observed. AI left atrium; AO aorta; AP pulmonary artery; O left
atrial appendage.
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group I and in 3 patients from group II (13 patients had
first-degree AV block and 5 patients had second- and
third-degree AV block) (RR 2.55, 95% CI 1.91 to 3.41).
The sensitivity, specificity and positive and negative predic-
tive values of a new AV block for the detection of perian-
nular complications were 18%, 97%, 83% and 67%, respec-
tively. Twelve patients developed bundle branch block, but
it appeared in both groups with a similar frequency (Table
1).
Aortic infection (RR 1.8, 95% CI 1.23 to 2.66) was
associated with the existence of perivalvular complications
(Table 2). The type of prosthesis (mechanical or biologic)
and the type of prosthetic endocarditis (early or late) were
not particularly associated with periannular complications
(Table 2).
At follow-up, persistent signs of infection were not
different between the two groups (Table 1). Severe valvular
dysfunction was echocardiographically documented in 112
patients. A higher frequency of valvular insufficiency was
observed in group I versus group II (60.3% vs. 48.9%)
(Table 1). Nevertheless, this result did not reach a statisti-
cally significant difference.
Although it was not statistically significant, heart failure
was more frequent in patients with periannular complica-
tions (Table 1), and most of them (76%) had heart failure at
hospital admission. Fifteen patients had pericardial effusion;
in all patients, the effusions were small, and their frequency
was similar in both groups.
When the microorganisms of both groups were com-
pared, no statistical differences were found (p  0.29).
Nevertheless, when coagulase-negative staphylococci were
compared with the rest of the microorganisms, the former
were more common in patients with perivalvular complica-
tions (RR 1.77, 95% CI 1.21 to 2.59) (Table 2). The
proportion of patients with unknown microorganisms was
similar in both groups.
When the incidence of periannular complications due to
coagulase-negative staphylococci was stratified by the type
of valve (native or prosthetic), no statistically significant
differences were found.
On multivariate analysis, the variables that were indepen-
dently related to the development of periannular complica-
tions were prosthesis, aortic position, staphylococcal
coagulase-negative infection and new AV block (Fig. 4).
The sensitivity, specificity and positive and negative
predictive power of TEE to detect periannular complica-
tions were 80%, 92%, 89% and 85%, respectively. Eight
patients with aortic abscesses were overlooked by the TEE
approach. There was no discernible relationship between
the type of TEE probe used and the incidence of missed
perivalvular infections. No pseudoaneurysms were missed,
and there were few missed aortic abscesses (recognizable, in
retrospect, as periannular thickening in 3 patients). The
Table 1. Clinical Data on Patients With (Group I) and
Without (Group II) Periannular Complications
Group I
(n  78)
Group II
(n  133) p Value
Gender (male) 66.7% 62.4% 0.55
Age (yrs) 56.1  15 57.2  16 0.20
65 years old 34.6% 41.4% 0.38
Time symptoms to diagnosis
15 days 42% 44% 0.70
15 days 58% 56%
Preexisting heart disease
Prosthetic valve 46.2% 22.6% 0.001
Previous endocarditis 12.8% 4.6% 0.05
Underlying systemic disorders
Immunodeficiency 2.6% 9.8% 0.05
Intravenous drug user 1.3% 7.5% 0.06
Anticoagulation 35.9% 27.1% 0.21
Embolization
Total 32.1% 36.1% 0.65
After starting antibiotics 11.5% 12.8% 0.83
Heart failure 65.4% 53.4% 0.11
Severe valvular dysfunction 60.3% 48.9% 0.11
Persistent signs of infection 28.2% 35% 0.36
Septic shock 10.0% 12% 0.66
Atrioventricular block 19.2% 2.3% 0.001
Left bundle branch block 2.6% 2.3% 1.00
Right bundle branch block 3.8% 3.0% 0.71
Pericardial effusion 6.5% 7.6% 1.00
Surgery 78.2% 37.6% 0.001
Death 35.9% 27.1% 0.21
Data are expressed as percentages or the mean value  SD.
Table 2. Predictive Factors of Periannular Complications in 211
Patients With Left-Sided Endocarditis: Univariate Analysis
Variable
Incidence
(n) RR (95% CI)
p
Value
Valve type 0.001
Native 29.0% (145) 1
Prosthesis 54.5% (66) 1.88 (1.35–2.64)
Type of prosthesis 1.80
Mechanical 52.1% (48) 1
Biologic 55.6% (18) 1.07 (0.65–1.75)
Location 0.002
Aorta 48.6% (107) 1.81 (1.23–2.66)
Mitral valve 26.9% (93) 1
Prosthetic endocarditis 0.46
Early 58.8% (34) 1.22 (0.77–1.93)
Late 48.4% (31) 1
Vegetation by TEE 1.00
Yes 37.1% (186) 1.03 (0.59–1.80)
No 36.0% (25) 1
Vegetation size 0.10
9 mm 44.4% (45) 1.45 (0.95–2.22)
9 mm 30.6% (121) 1
Microorganisms 0.37
Streptococcus viridans 26.5% (34) 1
Streptococcus bovis 42.9% (7) 1
Enterococcus 36.0% (25) 1
Other streptococci 36.8% (19) 1
Staphylococcus aureus 31.6% (38) 1
Coagulase-negative
staphylococci
60.0% (25) 1.77 (1.21–2.59)
Fungi 33.3% (6) 1
Gram-negative bacilli 18.2% (11) 1
Unknown 41.9% (31) 1
CI  confidence interval; RR  relative risk; TEE  transesophageal echocardiog-
raphy.
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frequency and size of vegetations, as studied by TEE, were
not significantly different between the two study groups
(Table 2). The size of the pseudoaneurysm by TEE at
diagnosis in patients who underwent surgery and in those
who did not (17.9  12 mm vs. 18.5  14 mm; p  0.91)
and that of patients who died and in those who survived at
follow-up (20.17  13 mm vs. 16.9  12 mm; p  0.5 1)
were similar. The abscess size by TEE at diagnosis in
patients who underwent surgery and in those who did not
(19.95  29 vs. 7.4  3.1 mm; p  0.35) and that of
patients who died and those who survived at follow-up
(20  30 vs. 16  25 mm; p  0.73) were not statistically
different.
There were 39 patients with abscesses, 23 with pseudo-
aneurysms and 11 with both. Patients with abscesses re-
quired surgery more frequently than did those with
pseudoaneurysms (36 [92.3%] vs. 13 [56.3%], p  0.002;
RR 1.63, 95% CI 1.13 to 2.64). The incidence of heart
failure was higher in patients with abscesses, but it did not
reach statistical significance (28 [71.8%] vs. 13 [56.5%], p
0.27; RR 1.27, 95% CI 0.84 to 1.91). Persistent signs of
infection (12 [30.8%] vs. 6 [26.1%], p  0.78), AV block (6
[15.4%] vs. 3 [13%], p  1) and death (15 [38.5%] vs. 10
[43.5%], p  0.79) were similar in both groups.
Outcomes. Surgery was more frequently performed in
patients with periannular complications (RR 3.2, 95% CI
2.03 to 5.14) (Table 1). As expected, the most common
reasons for valve replacement in our patients were develop-
ment of heart failure and persistent signs of infection; these
were the primary indications for surgery in 51.3% of patients
with periannular infection and in 27.1% of patients without
these complications (p 0.001). Twenty-seven patients (15
in group I and 12 in group II; p  0.053) had surgery
because of severe valvular dysfunction without heart failure.
Only three patients had surgery because of the existence of
perivalvular complications alone. A similar percentage of
patients were alive at hospital discharge (64.1% and 72.9%,
respectively) (Table 1). Twenty-two patients (36.1%) with
periannular complications died during the operation or in
the postoperative period, whereas 6 (35.3%) of 17 patients
with these complications who did not have surgery died
during follow-up. There were 24 deaths in total (6 due to
septic shock, 3 due to disseminated intravascular coagula-
tion, 3 due to hemodynamic shock and multi-organ failure,
3 due to neurologic complications, 1 due to aspiration and 6
due to arrhythmia and sudden death) in the patients from
group II who had no operation.
DISCUSSION
Perivalvular extension of infection is a serious complication
of bacterial endocarditis. The recognition of this complica-
Figure 4. Univariate and adjusted relative risk (RR) of periannular complications in 211 patients with left-sided endocarditis. On univariate analysis, there
are six variables related to periannular complications: prosthesis, aortic position, small vegetation size (9 mm), coagulase-negative staphylococci (Staph
C), atrioventricular (AV) block and previous endocarditis. In the final model, the variables that were independently related to the development of periannular
complications were prosthesis, aortic position, coagulase-negative staphylococcal infection and the development of AV block. CI  confidence interval;
TEE  transesophageal echocardiography.
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tion has been greatly improved since the introduction of
TEE. A number of studies have attempted to determine the
risk factors and clinical course of patients with periannular
extension of endocarditis; however, because of the hetero-
geneity of the patient populations reported, some of these
aspects are unsettled.
In this prospective, large-scale study, we sought to cir-
cumvent many of the problems of previous studies. We
focused on the risk factors, clinical course, microbiologic
profile and echocardiographic findings in patients with these
complications.
Risk factors. Our study supports the work of other inves-
tigators, clearly demonstrating the association between
endocarditis-associated perivalvular complications and pros-
thetic valve endocarditis (4,5,19,20). Because prosthetic
valve endocarditis usually begins as periannulitis, it is not
surprising that infected prosthetic valves had these compli-
cations with a higher frequency than did infected native
valves. Also, using multivariate analysis, involvement of the
aortic valve was an independent variable that significantly
predicted the presence of these complications (Fig. 4).
Many studies support the association between aortic infec-
tion and periannular complications (1–3,5,10,12,13).
In the published data, one of the most convincing and
consistently reliable variables predictive of periannular com-
plications has been the appearance of an AV block
(1,6,11,21). Our study definitely confirms this association
(Fig. 4), which probably reflects the tendency of infection to
extend into the membranous septal area, which contains the
conducting tissue (22,23). Other variables classically asso-
ciated with periannular complications, including pericardi-
tis, a history of intravenous drug use and previous aortic
stenosis, were not predictive of the presence of perivalvular
complications. Historically, several authors have associated
pericarditis (both purulent and nonpurulent) with perian-
nular extension of infection (1,3,24); the latter may reach
the epicardium through the cardiac wall. We and other
investigators (11) could not corroborate this association,
probably because nowadays the earlier diagnosis and appro-
priate treatment of these complications prevent the eventual
development of pericarditis. In most patients, the presence
of pericardial effusion will probably be reactive to infection
or secondary to heart failure, uremia or pulmonary hyper-
tension. A history of intravenous drug use was rare in our
patient group, and we could not demonstrate an association
of this condition with the development of perivalvular
complications. Omari et al. (2) revealed the presence of
active intravenous drug use as a significant risk factor for
periannular extension of infection. Their patient group was
markedly different from ours, as their study contained a
large number (40 of 73) of intravenous drug users.
Periannular extension of infection has been associated
with a delayed diagnosis and treatment (25). We could not
corroborate this classic finding. In this study, the latency
period between the onset of symptoms and the diagnosis
and treatment of infection was similar in both groups. Most
complications occur in the very active period of the disease.
Microbiology. The microbiologic profile of patients with
periannular extension of infection has varied from study to
study. In some studies, staphylococci were the predominant
microorganisms (1,6,10), but not in others (2,5,11). In our
study, coagulase-negative staphylococci were more fre-
quently found in patients with periannular complications
than in patients without extension of the infection around
the annulus (Table 2). It would seem reasonable that
virulent pathogens, such as staphylococci, can cause perian-
nular destruction. Staphylococcal strains that cause endo-
carditis are resistant to platelet microbicidal proteins and
elaborate proteolytic enzymes that facilitate spread to adja-
cent tissues (26).
Echocardiography. Transesophageal echocardiography re-
liably determines the presence of periannular complications
(10,27). This study was not designed to compare both
echocardiographic modalities. The better performance of
TEE over TTE in this setting was established by Daniel et
al. (10). Since that study, many other authors have con-
firmed the outstanding accuracy of TEE in the diagnosis of
periannular complications (5,7,16,27–31). We obtained
similar results. The diagnostic accuracy of TEE for
pseudoaneurysms was better than that for abscesses. In our
study, the size of abscesses and pseudoaneurysms did not
predict an increased need for surgical intervention and
increased mortality overall. In addition, the presence and
size of vegetations were not helpful in predicting perivalvu-
lar extension of infection (Table 2). This was also observed
by Omari et al. (2) in a small group of patients. In fact, on
univariate analysis, small vegetations (9 mm) were related
to the existence of these complications; this could not be
demonstrated on multivariate analysis, probably because of a
small sample size.
Clinical course. Previous studies have suggested an asso-
ciation between perivalvular complications and an increased
incidence of embolism (32). In this series, embolization was
not more frequent in patients with periannular extension of
infection, neither during the whole course of the disease nor
after starting adequate antibiotic therapy (Table 1).
Classically, persistent signs of infection have been related
to the existence of periannular complications (32,33). In this
study, the frequency of these signs was not different between
the two groups. Fever may persist for various reasons, and
many patients with perivalvular complications will not have
persistent bacteremia. In fact, in a recent retrospective,
multicenter study of 233 French patients with endocarditis
and abscesses, the infection appeared to be under control in
49% of those who had an operation (34). The incidence of
persistent signs of infection in patients with abscesses was
not higher than that of patients with pseudoaneurysms.
Severe valvular dysfunction and heart failure were more
frequent in patients from group I, but it was not statistically
significant. The patients reported in this series were quite ill;
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in fact, 65 patients from group II had severe valvular
insufficiency.
Our study confirms the results of other investigators
(35,36), who clearly demonstrated an association between
perivalvular extension of infection and the need for surgery.
Most of these patients will undergo surgery because of
classic surgical indications (i.e., heart failure and persistent
signs of infection), independent of the echocardiographic
detection of periannular complications. In our opinion, it is
clear that most patients with periannular extension of
infection will require surgery to eradicate the infection and
to correct hemodynamic disorders. Nevertheless, it is also
clear that a small number of these patients (8% in our series)
may be treated successfully without surgical intervention.
Such patients should probably be monitored closely by serial
TEE. In this study, patients with abscesses needed surgery
more frequently than did those with pseudoaneurysms,
probably because the former had a higher incidence of heart
failure.
Some studies suggest an association between periannular
extension of infection and increased mortality (37,38). In
our work, overall mortality was not statistically different
between the two groups. A large proportion of patients
(28%) from group II who did not undergo surgery died. We
can speculate that had the diagnosis and treatment been
earlier, we might have had a lower death rate in this group.
Also, our surgical mortality rate in patients from group I was
quite high (36%). However, it must be considered that
surgery in patients with periannular extension of infection is
presumed to be technically difficult. In any case, the aim of
this study was not to compare surgical and medical treat-
ments, but to describe the clinical course of patients with
perivalvular infection.
Study limitations. Potential limitations of this investiga-
tion are the possible dissimilar patient characteristics and
treatment modalities of different hospitals. In addition,
comprehensive data on long-term outcomes are not pro-
vided.
Conclusions. Several interesting conclusions were derived
from this large prospective study: 1) aortic infection, pros-
thetic endocarditis, new AV block and coagulase-negative
staphylococci were independent risk factors of periannular
complications (Fig. 4). The risk of developing one of these
complications will depend on the presence of one or more of
these risk factors in patients with endocarditis, and it varies
between 19.1% (native mitral valve, non-staphylococcal
infection and no AV block) and 93.8% (prosthetic aortic
valve, coagulase-negative staphylococcal infection and new
AV block). 2) The period from symptoms to diagnosis,
incidence of pericardial effusion and persistent signs of
infection were similar in both groups. 3) The presence and
size of vegetations and the frequency of embolism were not
higher in patients with periannular complications. Finally,
4) surgery was more frequent in these patients, but mortality
was similar in both groups.
Reprint requests and correspondence: Dr. Isidre Vilacosta, In-
stituto de Cardologia, Hospital Universitario de San Carlos,
28040, Madrid, Spain. E-mail: ivilac@medynet.com.
REFERENCES
1. Arnett EN, Roberts WC. Valve ring abscess in active infective
endocarditis: frequency, location, and clues to clinical diagnosis from
the study of 95 necropsy patients. Circulation 1978;54:140–5.
2. Omari B, Shapiro S, Ginzton L, et al. Predictive risk factors for
periannular extension of native valve endocarditis: clinical and echo-
cardiographic analyses. Chest 1989;96:1273–9.
3. Middlemost S, Wisenbaugh T, Meyerowitz C, et al. A case for early
surgery in native left-sided endocarditis complicated by heart failure:
results in 203 patients. J Am Coll Cardiol 1991;18:663–7.
4. Arnett EN, Roberts WC. Prosthetic valve endocarditis: clinicopatho-
logic analysis of 22 necropsy patients with comparison of observations
in 74 necropsy patients with active infective endocarditis involving
natural left-sided cardiac valves. Am J Cardiol 1976;38:281–92.
5. San Roma´n JA, Vilacosta I, Sarria´ C, et al. Clinical course, microbi-
ologic profile, and diagnosis of periannular complications in prosthetic
valve endocarditis. Am J Cardiol 1999;83:1075–9.
6. Gonza´lez-Vı´lchez FJ, Martı´n Dura´n R, Delgado Ramis C, et al.
Endocarditis infecciosa activa complicada con absceso paravalvular,
revisio´n de 40 casos. Rev Esp Cardiol 1991;44:306–12.
7. Vilacosta I, San Roma´n JA, Sarria´ C, et al. Clinical, anatomic, and
echocardiographic characteristics of aneurysms of the mitral valve.
Am J Cardiol 1999;84:110–3.
8. Tingleff J, Egeblad H, Gøtzsche C, et al. Perivalvular cavities in
endocarditis: abscesses versus pseudoaneurysms? A transesophageal
Doppler echocardiographic study in 118 patients with endocarditis.
Am Heart J 1995;130:93–100.
9. David TE, Komeda M, Brofman PR. Surgical treatment of aortic root
abscess. Circulation 1989;80 Suppl I:I269–74.
10. Daniel WG, Mu¨gge A, Martin RP, et al. Improvement in the
diagnosis of abscesses associated with endocarditis by transesophageal
echocardiography. N Engl J Med 1991;324:795–800.
11. Blumberg EA, Karalis DA, Chandrasekaran K, et al. Endocarditis-
associated paravalvular abscesses: do clinical parameters predict the
presence of abscess? Chest 1995;107:898–903.
12. Aguado JM, Gonza´lez-Vı´lchez F, Martı´n Dura´n R, Arjona R,
Va´zquez de Prada JA. Perivalvular abscesses associated with endocar-
ditis: clinical features and diagnostic accuracy of two-dimensional
echocardiography. Chest 1993;104:88–93.
13. Ellis SG, Goldstein J, Popp RL. Detection of endocarditis-associated
perivalvular abscesses by two-dimensional echocardiography. J Am
Coll Cardiol 1985;5:647–53.
14. Saner HE, Asinger RW, Homans DC, Helseth HK, Elsperger KJ.
Two-dimensional echocardiographic identification of complicated
aortic root endocarditis: implications for surgery. J Am Coll Cardiol
1987;10:859–68.
15. Durack DT, Lukes AS, Bright DK. New criteria for diagnosis of
infective endocarditis: utilization of specific echocardiographic find-
ings. Duke Endocarditis Service. Am J Med 1994;96:200–9.
16. Vilacosta I, Camino A, Sarria´ C, et al. Mechanical compression of a
coronary artery due to periannular extension of aortic endocarditis:
diagnosis by transesophageal echocardiography. Am Heart J 1994;128:
823–7.
17. Helmcke F, Nanda NC, Hsiung MC, et al. Color Doppler assessment
of mitral regurgitation with orthogonal planes. Circulation 1987;75:
175–83.
18. Perry GJ, Helmcke F, Nanda NC, Byard C, Soto B. Evaluation of
aortic insufficiency by Doppler color flow mapping. J Am Coll Cardiol
1987;9:952–9.
19. John RM, Pugsley W, Treasure T, Sturridge MF, Swanton RH.
Aortic root complications of infective endocarditis: influence on
surgical outcome. Eur Heart J 1991;12:241–8.
20. Rocchiccioli C, Chastre J, Lecompte Y. Prosthetic valve endocarditis:
the case for prompt surgical management. J Thorac Cardiovasc Surg
1986;92:784–9.
1210 Graupner et al. JACC Vol. 39, No. 7, 2002
Periannular Extension of Infective Endocarditis April 3, 2002:1204–11
21. Byrd BF, Shelton ME, Wilson BH, Schilling S. Infective perivalvular
abscess of the aortic ring: echocardiographic features and clinical
course. Am J Cardiol 1990;66:102–5.
22. Allwork SP. The anatomical basis of infection of the aortic root.
Thorac Cardiovasc Surg 1986;34:143–8.
23. Dinubile MJ. Heart block during bacterial endocarditis: a review of the
literature and guidelines for surgical intervention. Am J Med Sci
1984;287:30–2.
24. Utley JR, Mills J. Annular erosion and pericarditis: complications of
endocarditis of the aortic root. J Thorac Cardiovasc Surg 1972;64:76–
81.
25. Oakley CM. Perivalvular abscesses in infective endocarditis. Eur
Heart J 1999;20:170–1.
26. Lowy FD. Staphylococcus aureus infections. N Engl J Med 1998;339:
520–32.
27. Shively BK, Gurule FT, Roldan CA, et al. Diagnostic value of
transesophageal compared with transthoracic echocardiography in
infective endocarditis. J Am Coll Cardiol 1991;18:391–7.
28. Karalis DG, Bansal RC, Hauck AJ, et al. Transesophageal echocar-
diographic recognition of subaortic complications in aortic valve
endocarditis: clinical and surgical implications. Circulation 1992;86:
353–62.
29. Afridi I, Apostolidou MA, Saad RM, Zoghbi WA. Pseudoaneurysms
of the mitral-aortic intervalvular fibrosa: dynamic characterization
using transesophageal echocardiographic and Doppler techniques.
J Am Coll Cardiol 1995;25:137–45.
30. Brecker SJD, Jin XY, Yacoub MH. Anatomical definition of aortic
root abscesses by transesophageal echocardiography: planning a surgi-
cal strategy using homograft valves. Clin Cardiol 1995;18:353–9.
31. Rohmann S, Seifert T, Erbel R, et al. Identification of abscess
formation in native-valve infective endocarditis using transesophageal
echocardiography: implications for surgical treatment. Thorac Cardio-
vasc Surg 1991;39:273–80.
32. Bayer AS, Bolger AF, Taubert KA, et al. Diagnosis and management
of infective endocarditis and its complications. Circulation 1998;98:
2936–48.
33. Blumberg EA, Robbins N, Adimora A, et al. Persistent fever in
association with infective endocarditis. Clin Infect Dis 1992;15:983–
90.
34. Choussat R, Thomas D, Isnard R, et al. Perivalvular abscesses
associated with endocarditis: clinical features and prognostic factors of
overall survival in a series of 233 cases. Eur Heart J 1999;20:232–41.
35. Rohmann S, Erbel R, Gorge G, et al. Clinical relevance of vegetation
localization by transesophageal echocardiography in infective endocar-
ditis. Eur Heart J 1992;13:446–52.
36. Croft CH, Woodward W, Elliott A, et al. Analysis of surgical versus
medical therapy in active complicated native valve infective endocar-
ditis. Am J Cardiol 1983;51:1650–5.
37. Sheldon WH, Golden A. Abscesses of the valve rings of the heart: a
frequent but not well recognized complication of acute bacterial
endocarditis. Circulation 1951;4:1–12.
38. Buchbinder NA, Roberts WC. Left-sided valvular active infective
endocarditis: a study of 45 necropsy patients. Am J Med 1972;53:20–35.
1211JACC Vol. 39, No. 7, 2002 Graupner et al.
April 3, 2002:1204–11 Periannular Extension of Infective Endocarditis
